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SUMMARY , ' • 

The effect of internal cooling on the knock- 111, "xited performance 
of AN-Ft28 fuel -was investigated in a CFR engine, anil the following 
internal coolants were used: (1) water, (2) methyl a,lcohol-water 
mixture, (3) aaimonia-methyl alcohol-water mixture, ( 4 ) „ monomethylamine 
water mixture, (5) dimetliylamine-water mixture, and (6) trimethylamine 
water mixture. The internal coolants were injected in tir^® ratio of 
1/2 pound per pound of AK-F-28 fuel. Tests were run at ii,ilet-air 
temperatures of 150° and 250° F to indicate the temperaturt"' sensi- 
tivity of the internal-coolant solutions. 

In this investigation the use of methyl alcohol-water, 
monomethylamine-water, and dime thylataine -water mixtures as int'afrnal 
coolants raised the knook limit more thai^ did water alone. The 
addition of ammonia to the methyl alcohol-water mixture lowered 
its knock- inhihitlng effects. For most fuel-air ratios the 
trimethylamine-water mlscture decreased the knock-limited power. 



IMTRODUCTION 

This report presents the results of testa carried out to 
determine the effect of several water- soluble internal coolants 
upon the knock-limited performance of AW-F-28 fuel. These tests 
are part of a general investigation of internal cooling of internal- 
comhustion engines "being conducted hy the National Advisory 
Committee for Aeronautics and were run at the Aircraft Engine 
Research Laboratory at Cleveland, Ohio, in, May and June lp43. 



ENGINE AND AUXILIARY EQUIPMENT 

Apparatus . - The tests were performed on a high-speed super- 
charged CFR engine coupled to a lOO-* horsepower direct- current 
oradle-typ'e dynaiacanfeter and etuipped with an aluminum piston. 
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sodium- cooled -exhaust and intake valves, and a cylinder vith four 
spark-plug holes in -the head. Knock .was detected on a cathode-ray 
oscilloscope in conjunction with a magnetostriction pickup unit. 
All temperatures were measured hy iron- const ant an thermocouples 
and a self-halanoing pottnticmeter. The arrangement of the spark 
plugs and knock indicator is shown in figure 1. 

Determination of air flov. - The. lalr flow for inlet -air pres- 
sures helow 120 inches of mef cufy lah'sdiut© w^s measured hy a stand- 
ard orifice and manometer or pressure-gage system. The air flow 
for inlet-air pressures higher than 120 inches of mercury absolute 
was calculated by straight-line extriapolatlon of the plot of inlet- 
air pressure against air, flow. The test was arbitrarily stopped 
when the ijolet-air pressure - reached 150 inches of mercury iabsolute. 
Figure 2 shows 'the sohOTfttio diagram of the inlet-air system. ■ 

Injection of fuel and internal coolant . - The fuel was injected 
by a high-pressure injection pump into 'a modified AFD -3-0 liilet mani- 
fold parallel to the flow of air. Figufe. 3 is a schematic • diagram 
of the fuel system. • ' 

The internal coolant was continuously injected at rbom temper- 
ature into the injection elbow Just above the fuel-injection nozzle 
and parallel to the air flow. A standard 3-C inlet manifold 
was modified to perm'it this separate entry. The schematic diagram- 
of the internal-coolant system is shown in figure 4. 



. ■ / TEST PROG EDfURE • ■ -j-. ^ .' • 

All the data presented in this report are knock-limited. The 
range of operation was limited ' (l) by an artificial limit of 150 inches 
of mercury absolute in the inlet-air pressure, (2) by a mazimuja fuel 
flow of -30 pounds per 'hour, or (3) by preignition. Iii some cases 
spark-plug failure With/ eon^ caused temporary shut- 

downs.' If surface- ignitioK occirrred (usually dbaerved aa continuous 
afterflring) , the'' knoi3k-limit^ data were recorded and the data points' 
were labeled "•Surf iide i^ition". ^ They are ahowci els solid points 
on the curve's '6f ' variatibn p'f indicated, afean effeotiye 'pressui^e -and' 
inlet-air pressure with fuel-air' ratio. Th©'fdilowtng ein^ine'"boiidi^ 
tions were maintained constant: 



Engine speed, rpm . v "';'''^' ; \ \ , '."'i; 2500 

Compression ratio . 7.0 

Inl'ei-o6olant '•tempei-a.ture ' . .'■ V . ■ ■ 250 

Inlet-air temperatur'e,'' °F ..... , . . 150, '^50 " 

Spark advance'j deg' B.T.C'.'' . ..... v"''.' .' 30 

Oil temperature, °F , , 150 
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The internal coolaata "were added in the ratio of l/2 povuid per 
pound of fuel as measured by a special. rotameter. A single lot of 
AH-rF-28 fuel was used for the entire investigation. The following 
internal coolaj;its were tested: ' 

1. Water ' ■> . 

2. A mixture of 70 percent technical methyl alcohol plus 
30 percent water by volume 

3. A mixtvire of 70 percent technical methyl alcohol plus 
30 percent vater by volume, concentrated with anhydrous ammonia 
to 30 percent ammonia by weight of the final solution 

4 A mixture of 32 percent catnmercial moriomethylamine plus 

68 percent water, by weight 

5. A mixture of 26 percent coramercial dimethylamine plus 

74 percent water by weight 

6. A mixture of 29 percent commercieuL trimetbylamine plus 
71 percent water by weight 

Some of the properties of the amine solutions are tabulated 
in. the following table: 



SUMMAEY OF CHEMICvAl AJSP PHYSICAL PROPERTIES 
OF THE AMIUE-WATER SOLOTIONS 



■ . 

Solution 


Weight percent- 
age of amine 
(by alkalinity) 


Density 


Peroxides 


Aldehydes 


Freezing 
point 
(%) 


4 


Monomethylamine " 
water mixture 


32 


0.925 


Wegat ive 


Negative 


-40 


5 


Dimethylamine- 
water mixture 


• 26 


.939 


•.-..do- — 


Trace 


-0.4 


6 


Tr imet hylamine - 
water mixture 


29 


. .937 


—do—. 


—do- 


27 to. 30 



During the course of each test, the variation of rotameter reading 

(fuel flow) with inlet-air pressure (air flow) was drawn. This plot 
gave an. immediate indicatioii of the correctness of each knock-limited 
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point. Before each internal coolant was tested, two points in the 
rich region for the fuel alone were checked on the plot of inlet- 
air pressure as a function of rotameter reding. This check indi- 
cated whether the engine was operating satisfactorily. Eor each 
set of data, the check plots of fuel flow (fuel-weighing stand) 
against fuel rotameter reading and air flow against inlet- air pres- 
sure were drawn. This procedure insured that both the fuel measure- 
ment and the air-flov n^asurement were cpnsistent. 

The flow of the internal coolant was measured by a special 
alminum-bob rotameter, the setting of which was determined from 
the reading of the fuel rotameter. Both fuel and internal- coolant 
rotameters were calibrated over the entire range by timing the flow 
of a specified weight of each fuel or -internal coolant. When the ■ 
internal- coolant solution containing ammonia was calibrated, the 
fluid from the rotameter was emptied into an acid medium. This 
procedure neutralized the eonmonia and minimized the weight lojss 
due to volatility. . . 

In the rich region the fuel flow and the internal- coolant flow 
were first fixed before obtaining the knock point. The air flow 
was increased until incipient knock occurred. In the lean region 
the inlet-air pressure was first fixed; the fuel and the internal 
coolant were then simultaneously increased until incipient knock 
occurred. Most of the points were checked for, possible afterfiring. 



TEST EESULTS AKD DISCUSSION 

Figures 5(a) and 5(b) compare the knock-limited performance at 
250° F inlet-air temperature of M-F-28 fuel and AN-F-28 fuel plus 
each of the following internal coolants: water, 70-30 by volume 
technical methyl alcohol-water solution, and the 70-30 by volume 
technical msthyl alcohol-water solution containing 30 percent 
ammonia by weight. 

■ If the. relative power ratio is defined as the ratio of knock- 
limited indicated mean effective pressure obtained with the fuel 
plus the internal coolant to knock-limited indicated mean effective 
pressure obtained with the fuel alone, at a fuel- air ratio of. 0.06, 
the relative power ratios for the three internal coolants are, 
respectively, 1.52, 1.59, and 1.47. At a fuel-air ratio of 0.085 
these relative power ratios are 1.34, 1.80, and 1.65, 

The use of water improved the lean-mixture response considerably 
more than the rich, The addition of ammonia to- the methyj. alcohol- . 
water solution lovered the knock-limited perf diTuattde over the entire 
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range of fuel-air ratios. Water raised the indicated specific fuel 
constamption^ Taut the other coolants lowei-ed the fuel consumption at 
low fuel-air ratios. The addition of ammonia to the alcohol-water 
mixture promoted surface ignition in the rich region. 

The loiock-limited performaiQce of the internal coolants at 
150° F inlet-air temperature is' compared in figures 5(c) and 5(d). 
At a fuel-air ratio of 0.06 the relative power ratios of water, 
alcohol-water, and ammonia- alcohol -water mixtures are, respectively, 
1,27, 1.68, and 1.29; whereas, at a fuel-air ratio of 0.085, these 
values are, respectively, 1.12, 1.59, and 1.49. A comparison of fig- 
ures 5(a) and 5(c) shows that a methyl alcohol-water solution is 
highly temperature sensitive. Strangely enough, addition of ammonia 
to this solution decreased its temperature sensitivity, and the 
curve shape was more nearly the same at both temperatures. The 
alcohol -water solution showed an extremely high lean-mixtxa?e ' 
response at an inlet-air temperature of 150° F. At a fuel-air 
ratio of 0.043 the engine developed a knock-limited indicated mean 
effective pressure of 558, pounds per square inch, accompanied hy 
indicated specific fuel ahd liguid consumptions of 0.37 and 0.55 
pound per indicated. horsepower-hoxjr, respectively. These consump- 
tions did not increase rapidly in this very lean region. The engine 
showed no tendency toward rough running. 

The second group of internal coolants compared include; 70-30 
by volume technical methyl alcohol-water solution, a commercial 
32-68 by weight monomethylamine-water solution, a commercial 26-74 by 
weight dlmethylamine- water solution, and a commercial 29-71 by weight 
trimethylamine-water solution. Data showing the knock-limited 
performance at an inlet-air temperature of 250° F of M-F-28 fuel 
and AEr-F-28 fuel plus each of these internal coolants are plotted 
in figures 6(a) and 6(b). At a fuel-air ratio of 0.06 the relative 
power ratios of these coolants are, respectively, 1.59, 1.81, 1.78, 
and 0.85. At a fuel-air ratio of 0.085 the relative power ratios 
are 1.80, 1.84, 2.04, and 0.83. 

Both monomethylamine and dlmethylamine showed marked improve- 
ment over alcohol as knock suppressors. The monomethylamine showed 
better lean-mixture characteristics than the dlmethylamine, but the 
reverse was true ,in the rich region. This reversal of order may 
have been due to the fact that, in the rich region of the monomethyl- 
amine curve, contijiuous afterfiring was encountered; that is, the 
ignition could be turned on or off with little change in the power 
output. Slight decreases of the power level below the knock point 
eliminated this surface ignition* 
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On the leein side of the curve the monomethylamine-water test 
■waa arbitrarily stopped vhen the boost pressure reached 150 inches 
of mercury absolute. As with the methyl alcohol-water mixture, no 
tendency toward uneven firing was experienced. At a fuel-air ratio 
of 0.044 an indicated mean effective pressixre of 495 pounds per 
sq.uare inch was reached. The corresponding indicated specific fuel 
llqtuld consumptions were, respectively, 0.38 aijd 0.56 pound per 
indicated horsepower-hour. 

The trimethylamine-water mixture lowered the knock-limited 
performance Of the fuel. All the amines lowered the indicated 
specific fuel consumption, in some cases to an amount greater than 
can be explained by considering the contributions of the internal 
coolant to the heat of combustion. 

Compared in figures 6(c) and 6(d) are the knock-limited perform- 
ance data of the internal coolants at 150° F inlet -air temperature. 
At a fuel-air ratio of 0.049, the monomethylamine allowed a knock- 
limited indicated mean effective pressure of 620 pounds per square 
inch with indicated specific fuel and liguid consumptions of 0.37 
and 0.55 pound per indicated horsepower-hour, respectively. This 
output amounted to 1.96 indicated horsepower per cubic inch of engine 
displacement. The oocur5:'ence of preignition prevented the measure- 
ment of rich-mixture response. The temperature sensitivities m 
measured by the ratio of the indicated mean effective presswes at 
inlet-air temperatures of 150° and 250° F of monomethylamine, dimethyl- 
amine, and trlmethylamlne were about the same. A limited supply of 
dimethylamlne-water solution prevented completion of the righ-region- 
response measurement. 

Table I shows the relative. increase in the knock-limited power 
obtained with the various internal- coolant mixtures for four different 
fuel-air ratios. The temperature sensitivity of the internal- coolant 
mixtures is presented in table II in which a comparison is made of 
the knock-limited power obtained at inlet-air temperatures of 150° 
and 250° P. 

A plot of the knock-limited indicated mean effective pressure 
as a function of the inlet-air pressure at an inlet-air temperature 
of 250° I is presented in figure 7 for AW-F-28 fuel with and without 
each of the following internal coolants: water, 70-30 by volume 
methyl alcohol-water solution, a commercial 32-68 by weight 
monomethylamine-water solution, and a commercial 26-74 by weight 
dtmethylamlne -water solution. 
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For a fixed inlet-air pressure the indicated mean effective pres- 
sure was roughly proportional to the fuel flow in the lean regionj 
therefore, at constant inlet-air pressure the internal coolant that 
allowed the highest knock-limited fuel flow allowed the greatest indi- 
cated mean effective pressure. At an inlet-air pressure of 150 Inches 
of mercury absolute the indicated mean effective pressures of alcohol 
and monomethylamine were^ respectively, 448 and 492 pounds per square 
Inch. This effect would be an important consideration if knock- 
limited lean-mixture performance were contemplated. 

The trend of the Indicated -mean-effective-pressure curves in the 
rich region shows that the indicated moan effective pressure was 
very nearly a atraight-line function of the air flow even though 'the 
fuel-air ratio and the internal coolants were varied. For a given 
knock-limited indicated mean effective pressure, lean-mixture oper- 
ation requires more air flow than rich-mixture operation. At a knock- 
limited Indicated mean effective pressure of 400 pounds per square 
inch, achieved by monomethylamine -water solution, the rich and lean 
inlet-air pressures were, respectively, 88 and 103 inches of mercury 
absolute. The choice between rich-mixture and lean-mixtur© operation 
would depend upon the balance between supercharger capacity and allow'- 
able fuel consumption as well as upon the uniformity of the m^ixture 
distribution in the lean region. 

Knock-limited indicated mean effective pressure as a function 
of indicated specific liquid consumption for the internal coolants 
of figure 7 is plotted in figure 8. Water raised the_ Indicated 
mean effective pressure at . considerable expense to the indicated 
specific liquid consumption. For knock-limited indicated moan 
effective pressures above about 240 pounds per square inch, methyl 
alcohol-water and monomethylamine -water solutions were more econom- 
ical from weight considerations than fuel alone. 



CONCLUSIONS 

The following conclusions have been drawn from the results 
of this investigation: 

1. In all cases the use of ms^thyl alcohol-water, monomethylamine- 
water, and dimethylamine -water mixtures as internal coolants raised 
the knock-limited performance of AW-F-28 fuel more than did water 
alone. 

2. The addition of ammonia to the methyl alcohol-water solution 
as an Internal coolant lowered th^ knock- inhibiting effects of the 
solution and also promoted surface Ignition. 
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3. The commercial trimethylamine-vater solution lowered the 
knock-limited performance of the AN-F-28 fuel except in the very 
rich mixture region. 

4. At fuel-air ratios of 0.05 or less, extremely high knock- 
limited powers could he ohtained by using internal coolants. 

5. At fuel-air ratios lower than the stoichiometric-mixture 
ratio, addition of each of the internal coolants except water lowered 
the indicated specific fuel consumption, in some oases to an amount 
greater than can ho explained hy considoring the contrihutions of 
the internal coolant to the heat of combustion. 

6. Internal cooling at extremely low fuel- air ratios allowed 
high knock-limited powers at much lower indicated specific liq;Uld 
consumptions than were obtained when operating at high fuel-air . 
ratios either with or without internal cooling. (Lean-mixture 
operatipn, of" course, implies high indicated specific air con- 
sumptions.) 

7. The use of monomethylamlno -water mixture at 150° f inlet- 
air temperature and a fuel-air ratio of 0,049 allowed a knock- 
limited power, of 1.96 horsepower per cubic Inch of cylinder dis- 
placement (imep of 620 Ib/sq, in.). The corresponding indicated 
specific fuel and liq.uid consumptions wdre 0.37 and 0.55 pound 
per horsepower-hour, respectively. 



Aircraft Engine Eesoarch Laboratory, 

National Advisory Committee for Aeronautics, 
Cleveland, Ohio. 
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TABLE I 

IMPROYMEKT IW KNOCK-LIMITED ENGINE PIKFOBMANCE OF AN-F-28 
FUEL ACHIEVED BY INTERNAL COOLING 



[CFR engine; compression, ratio^ 7.0; inlet-air temperature, 250 F; 
inlet-coolant temperature J 250° F; spark advance, 
30° B,T.C.; engine speed, 2500 rpm] 



Internal coolant 
(injected l/2 lb per lb fuel) 


Relative power ratio 
tmep (fuel + internal coolant) 


imep (fuel alone) 


Fuel-air ratio 


0.05 


0.06 


0.08 


0.09 


None 


1.00 


1.00 


1.00 


1,00 


1 Water 


1.14 


1.52 


1.41 


1.28 


2 Methyl alcohol-vater mixture 
(70-30 by volume) 


1.51 


1.59 


1.80 


1.75 


4 Monomothylamine-water mixture 
(32-68 by vei^ht) 


1.98 ■ 


ai.81 


ai.86 


ai.83 


5 Dimethylamine-vater mixture 
(26-74 by weight) 


1.82 


1.78 


1.98 





Afterfiring encountered, 



National Advisory Committee 
for Aeronautics 
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TABLE II 

EFFECT OF lUUT-AIR TiMPEBATDRB ON KNOCK-LIMITSa) MGINE 
PERfOEMANCE OF AN-F-28 FUEL USED IN 
CONJUNCTION WITH INTERNAL COOLANTS 



[CFR engine J compression ratio, 7.0j inlet- coolant 
temper atijre, 2S0° Fj sparlc advance, 30° B»T.C.j 
engine speed, 2500 rpm] 



Intornal coolant 
(injected l/2 l"b per l"b fuel) 


Ijtiep' 150° F inlet -air temperature 


Imep 250° F Inlet-air temperature 


Fuel-air ratio 


0.05 


0.06 


0.08 


0.09 


None 


.1^.24__. 


1.46 


1.32 


1.20 


1 Water 




1.23 


1.11 


1.09 


2 Methyl alcohol -vater mixture 
(70-30 hy voliaae) 


1.46 


1.57 


1.23 ■ 


1.13 


4 Monomothylamine-water mixture 
(32-68 "by weight) 


1,43 


Mi «■ «M tWiM 


mf m m mm *m>m 




5 Dlmethylamine-water mixture 
(26-74 by veight) 


1.42 


^1,51 







8Afterfirlng encountered at 150° F inlet-air temperature. 
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A Thermocouple 

B Alr-ffleasurlnig orlfioe 

C Pressure s^ge 

D Air-pressure regulator 

E Dial thermometer 

F Air preheater 

Q Surge tank 

R Flexible coupling 

I Engine cylinder 

J Inlet manifold 



X Opening for Internal-coolant- 

Injectlon noszle 
L Opening for fuel-lnjeotlon 

nozzle 
M Pressure gage 
N Air supply 
0 Manometers 

P Pilot valves for pressure 

regulator 
4 Auxiliary pilot valve 
R Pressure gage 



Figure 1 . - Location of spark plugs and kneok ploku* untt 
In CFR cylinder. 



Figure 2. - Diagram of Inlet-alr system. 
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A Fuel supply tank 

B Cooler 

C Primary fuel pump 

D Strainer 

E Solenoid valves 

F Pressure gage 

0 Pressure relief valve 



R Puel-velghlng stand 

I Fuel-mjeotlon noselt 

J Rotameter 

K Surge eliminator 

It Injection pump 

M Filter 

N Circulating puap 



A Connection to air supply 

B Internal-eoolant-lnjectlon nozsla 

C Cooler 

D Connection to exhaust line 

E Filter 



7 Internal-coolant storaee 
tank 

a Ammonia storage tank 

H Control valve 

I Botaaeter 

3 Circulating pump 



Figure 3* - Diagram of fuel system. 



Figure k-, - Diagram of internal-coolant injection systsBt 
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Fuel>alr ratio 

(a) Variation of indicated soeclflc fuel consumption and kno<s3t-llmlt»d 
Indicated mean effective pressure with fuel-air ratio at 250° F 
Inlet-alr temoerBture, 

Figure 5. - Effect of internal coolants 1, 2, and 3 on knock-limited engine performance. 



CFR engine; fuel. AN-F-2g f-uel ; 



compression rstlo, 7.-; inlet-coolant 



temperature, 250° F; spark advance, 30° 3.T.C.; engine speed, 2500 rpn 
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Fuel-air ratio 

(b) Variation of Indicated specific liquid consumption ana knock-Halted 

Inlet-alr preesure with fuel-air ratio at 250" P Inlet-air toitperature. 
Figure 5. - Continued. Effect of Internal coolants 1, 2, and 3 on knock-Halted engine 
performance. CPR engine; fuel, AN-P-2S f«el ; compression ratio, 7.0; 

inlet-coolant temperature, 250° F; spark advance, 30° B.T.C.; engine speed, 2500 rpm. 
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Fuel-air ratio 

(c) Variation of Indicated specific fuel consuaptlott and knoek-llmlted 

Indicated mean effective pressure with fuel-air ratio at 150^ F Inlet- 
air temperature. 

Figure 5. - Continued. Effect of internal coolants 1, 2, and 3 on knock-limited engine 
performance. CFR engine; fuel, AN-F-eS fuel; compression ratio, 7.0; 

inlet-coolant temperature, 250° F; spark advance, 30° B.T.C.; engine eoeed, 2500 rpm. 
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Puel-alr ratio 

(d) Variation of Indicated specific liquid consumption and knock-limited 

Inlet-alr pressure with fuel-air ratio at 150° P Inlet-alr t«fflperat«re 
Figure 5. - Concluded. Effect of Internal coolants 1, 2, and 3 on knock-limited engine 
performance. CFR engine; fuel, AN-F-2S fuel; compression ratio, 7.0; 

Inlet-coolant temperature, 250° P; spai* advance, 30° B.T.C.; engine speed, 2500 rpm. 
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.07 .08 
Fuel-air ratio 

(a) Variation of indicated apeclfle fuel eoneumptlon and knock-limited 
Indicated mean effective pressure with fuel-air ratio at 250® F 
inlet-air temperature. 

^^gHT® °'- Effect of Internal coolants 2, It, 5, and 6 on knock-limited engine performance. 
CFR englna: f"el, AN-F-2S fuel; compression ratio, 7.0; Inlet-ooolsnt 

temp«rature, 2500 P; spark advance, 30° B.T.C.; engine speed, 250O rpm. 
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'Fuel-air ratio 

(b) Variation of Indicated specific liquid consumption and knock-Umlted 

miet-alr orepsure with fuel-air ratio at 250° F Inlet-air temperature. 
Figure 6. - Continued. Effect of Internal coolants 2, »^, 5, and .6 on knock-limit ea engine 
performance. CFR engine; fuel, AN-F-2g ^lel ; compression ratio 7.0; 

inlet-coolant temnerature, 2500 F; spark advance, 30° B.T.C.; engine speed, 2^00 rpm. 
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, , „ FueX>air ratio 

variation of Indicated specific fuel consumption and knock-limited 
indicated mean effective pressure with fuel-air ratio at 150^ P 
inlet-air temperature, 
encinp n.r.f rP^^","^ Internal coolants 2, k, 5, and 6 on knock-limited 
7 O- engine; fuel, AN_P-2g fuel;' compression ratio, 

7.0, inlet-coolant temperature, 230° F; spark advance, 30" B.T.C; engine speed, 2560 rpm. 



Figure 6. 
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Puel-alr ratio 

(a) Variation of Indlcatea specific liquid consumption and knock-llralted 

Inlet-alr pressure with fuel -air ratio at 150° F Inlet-alr temperature. 
Figure 6, - Concluded. Effect of Internal coolants 2, ^, 5, and 6 on knock-limited engine 
performance. CFR engine; fuel, AN-F-2S fuel; compression ratio, 7.0; 

Inlet-coolant temperature, 250° F; spark advance, 30° B.T.C; engine speed, 2500 rpm. 
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Knock-limited inlet-air pressure, in. Hg abs. 

Figure 7. - Effect of Internal coolants 1, 2, ^, and 5 on the 
relation between knock-limited l^let-alr pressure and knock- 
limited Indicated mean effective pressure, CFR engine; fuel, 
AN-F-2g fuel', compression ratio, 7-0; inlet- 

coolant temperature, 250° F; spark advance, 30° B.T.G.; 
engine speed, 2500 rpm. 
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Figure g. - Effect of internal coolants 1, 2, ^, and 5 on the 
relation between Indicated specific liquid consumption and 
knock-limited mean effective pressure, CFR engine; fuel, 
AN-F-.2g fuel; compression ratio, 7.0; inlet- 

coolant temperature, 250° F; spark advance, 30° B.T.C; 
enp:lne speed. 2500 rpm. 
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